The relationship between inoculation frequency and HI antibody titers in horses inoculated with equine influenza inactivated vaccine, and the distribution of HI antibody titers against 3 vaccine strains in racehorses, and rearing and breeding horses were surveyed. Two-year-old horses inoculated vaccine 3 times did not maintain antibody titer o132 for 5 months after the last injection. On the other hand, 3-year-old horses inoculated 4 times and 4-year-old horses inoculated 5 times sustained the titer for about 1 year after the last injection. Approximately 63% to 90% of 2-year-old horse group, 38% to 100% of 3-year-old horse group and 43% to 100% of horse group of more than 4-year-old at the Ritto and Miho training centers of the Japan Racing Association possessed titers of more than 32 against 3 vaccine strains. On the other hand, 0% to 22% of the 2-year-old horse group, 20% to 79% of the 3-year-old horse group, 36% to 86% of the 4-year-old horse group and 50% to 96% of the 5-year-old horse group at the Utsunomiya and Sonoda racecourses of the National Association of Racing possessed titers of more than 32 against 3 vaccine strains. Approximately 47% to 93% of rearing horses and 7% to 43% of breeding horses in the Hidaka region of Hokkaido pos sessed titers of more than 32 against 3 vaccine strains.
Distribution of HI Antibody Titers against 3 Vaccine Strains of Equine Influenza
Virus in Light-breed Horses in Japan
Equine influenza is one of the most im portant viral respiratory disease, according to epidemic data in the world. Equine influenza virus is classified into subtypes A/ equine/1 (H7N7) and A/equine/2 (H3N8) according to the differences of hemagglu tinin and neuraminidase on the surface antigen. A/equine/ 1 was first isolated in Czechoslovakia in 1956 [8] . There is some serological evidence that it is still circulat ing, however it has not been isolated since 1980. A/equine/2 was first isolated in the United States in 1963 [10] . There have been various epidemic internationally, yet A/equine/2 has been virtually settled in Europe and North America [5, 6, 11] . Outbreaks have occurred in India (1987) [9] and Hong Kong (1992) (K.L.Watkins, per sonal communication) from horses imported from Europe, and in South Africa (1986) (1987) [7] from horses imported from the United States. In addition, there is a new equine influenza virus (H3N8) which is antigenically and molecularly distinguishable from the conventional A/equine/2 (H3N8) yet originates from an avian influ enza virus [3] . Severe outbreaks of equine influenza caused by the new influenza virus occurred in Northeast China in 1989 and 1990 [3] . This new equine influenza does *present address: Ritto Training Center , Japan Racing Association, 1028 Misono, Ritto-cho, Kurita-gun, Shiga 520-30, Japan not represent a significant risk to the equine population, since infection has apparently died out.
In 1971, a severe influenza outbreak was caused by A/equine/2 among horses in Japan [1] , but there have been no reoccur rences since that date. On the other hand , equine influenza has been reported in other countries [5, 6, 11] and the number of imported horses has been increasing steadily in recent years. Therefore, there is a concern that imported horses might bring viruses into Japan. Routine vaccinations are con ducted on all racehorses in Japan as an emergency measure . It is very important for the prevention of equine influenza to know how much antibody titers horses possess after administering vaccine .
This paper describes the relationship be tween inoculation frequency of influenza vaccine and HI antibody titers , and the distribution of HI antibody titers against vaccine strains in racehorses , and rearing and breeding horses in Japan.
Materials and Methods
Vaccine. Two kinds of equine influenza inactivated vaccines; Nisseiken equine in fluenza vaccine (Nisseiken Co., Ltd , Tokyo) and Equine influenza vaccine-Kaketsuken (Chemo-Sero-Therapeutic Institute, Kuma moto) were used in this study . Three strains of equine influenza viruses; A/equine/Newmarket/77 (H7N7) (N strain) , A/equine /Tokyo/71 (H3N8) (T strain) and A/equine/ Kentucky/81 (H3N8) (K strain) were contained in the vaccines. Nisseiken equine influenza vaccine was administered to racehorses at the Ritto (Shiga prefecture) and Miho (Ibaraki prefecture) training centers. Equine influenza vaccine-Kaket suken was administered to racehorses at the Utsunomiya (Tochigi prefecture) and Sonoda (Hyogo prefecture) racecourses of Test sera. To examine the relationship between the inoculation frequency of equine influenza inactivated vaccine and the levels of HI antibody titers, a total 126 horse sera samples were collected from 2-year-old horses inoculated vaccine 3 times, 3-year-old horses inoculated 4 times, and 4-year-old horses inoculated 5 times. The sera were collected at the Miho and Ritto training centers and the Sapporo Race Course (Hokkaido) of the Japan Racing Associa tion, from June to August, 1991. To examine the distribution of HI antibody titers against three vaccine strains, a total of 1,601 horse sera were obtained from racehorses of the Ritto and Miho training centers from 1991 to 1993, plus racehorses of the Utsuno miya and Sonoda racecourses in 1991 and from horses from rearing and breeding farms in the Hidaka district of Hokkaido in 1991. 0.15 M saline. Serum samples used for the test were treated with trypsin, KIO 4 and packed chicken erythrocytes, and were inactivated at 56°C for 30 min. The antigen used was a commercial un-treated HA antigen (Nisseiken, Co., Ltd, Tokyo).
Results
The relationship between inoculation frequency and HI antibody titers. The relationship be tween inoculation frequency and HI anti body titers is shown in Table 1 . Two-yearold horses inoculated 3 times possessed antibody titers of less than 32 against the 3 vaccine strains, 5 months after the last injection. Three-year-old horses inoculated 4 times possessed titers of more than 32 against the N and K strains, 12 months after the last injection. Three-year-old horses possessed titers of titers of 42.1 against the T strain at 9 months, but less than 32 at 12 months. Four-year-old horses Table 3 .
The percentage against the N strain ranged from 63.3% to 100% among the horse groups. The percentage against the T strain was less than 50% in 3 horse groups at the Ritto Training Center, but ranged from 60.0% to 90.0% among the other horse groups. The percentage against the T strain ranged from 55.5% to 80.0% among the horse groups at the Miho Training Center. The percentage against the K strain was less than 50% in 1 horse group at the Ritto Training Center, but ranged from 55.0% to 92.5% among the other horse groups. The percentage against the K strain ranged from 60.0% to 90.0% among the horse groups at the Miho Training Center.
Distribution of HI antibody titers against 3 vaccine strains among racehorses at the Utsuno miya and Sonoda racecourses of the National Asso ciation of Racing. Racecourses, taken in Sep tember 1991, are summarized in Table 4 . At the Utsunomiya Racecourse , all horse groups except the 2-year-old horse group possessed titers ranging from 32.6 to 100 against the N strain, but the titer of all horse groups against the T and K strains was less than 32. The titers against the T and K strains among 2-and 3-year-old horses were very low. The percentage of horses possessing titers of more than 32 Influenza Virus Antibodies in Horses Distribution of HI antibody titers in rearing and breeding horses in the Hidaka region of Hokkaido. The results of survey in the Hidaka region are summarized in Table 5 . The titer of yearling at 1 month after the last vaccination was 96, 20 and 27.8 against the N, T, and K strains, respectively. Breeding horses hardly possessed antibody against the T and K strains.
Discussion
It is known that even vaccinated horses can be infected with influenza if they do not possess enough antibody to prevent the infection. HI and neutralization tests, and single radial hemolysis methods are used for the detection of antibody against influenza virus in serum. The HI test is generally applied since antigen for it is on the market and the test is relatively easy and convenient and moreover the titer of HI antibody is a close connection with that of serum neutralizing antibody. There are some reports with the relationship between pro tection and HI antibody titers. Wood et al. [12] reported that 2 of 3 horses possessing a titer of 16, and 1 of 6 horses possessing a titer of 32 showed an increase of antibody of more than 4 during a virus offensive experiment, whereas five horses possessing a titer ranging from 64 to 128 showed an increase of antibody of no more than 4 during the same experiment. Kumanomido et al. [4] reported that 4 horses possessing a titer of 32 and 1 of 5 horses possessing a titer of 64 showed an increase of antibody of more than 4 during a virus offensive experiment. Bryans et al. [2] reported that approximately half of their study horses, possessing a titer of 20, became infected when naturally exposed. Since the 1971 epidemic of equine in fluenza in Japan, there has been no reoccurrence of the disease. It is presumed that the virus was expeled from horses in Japan by exhaustive prevention and that infected horses have been effectively kept out of Japan due to strict quarantine regulation. In Japan, vaccine has been administered regularly among racehorses in order to prevent a reoccurrence since the epidemic in 1971. All horse groups at the Ritto and Miho training centers possessed a suitable protective antibody titer level against the N strain of A/equine/l. In March and October 1991, and in March 1992, horses possessing titers less than 32 against the T and K strains were often found at both training centers, and were especially conspicuous at the Ritto Training Center. On the other hand, in October 1992 and March 1993, horse groups at both training centers possessed relatively excellent antibody titer levels against the T and K strains. Titers among the 3-and 4-yearold horses at Ritto Training Center were somewhat lower than those at the Miho Training Center. At the Ritto Training Influenza Virus Antibodies in Horses
Center., the numbers of 2-year-old horses entering the Training Center has increased in recent years. When 2-year-old horses enter the training center for the first time, they are vaccinated, whereas other age groups are not given an entry vaccination. This might be the reason why titers of Sand 4-year-old horses at the Ritto Training Center were lower than those at the Miho Training Center. At the Utsunomiya and Sonoda racecourses, 3-, 4-and 5-year-old horse groups possessed high enough titers against the N strain and 4-and 5-year-old horses possessed relatively high titers aginst the K strain. On the other hand, 2-and 3-year-old horse groups possessed only very low titers against the T and K strains. As expected, breeding horses which were not administered vaccine hardly possessed antibody against the T and K strains whereas 50% of yearlings, which were given vaccine, possessed an effective antibody level. The findings show that many horses at the Ritto and Miho training centers possessed an effective antibody level for protection, while many horses at the Utsunomiya and Sonoda racecourses, and almost all breeding horses, did not possess an effective antibody titer level for protection. The survey on racehorses was carried out before routine autumn vaccination. Therefore, it is supposed that these racehorses would have possessed higher titers than titers showed in this study when it was tested in the winter months. Until now, the vaccine program for racehorses in Japan has been focused on the prevention of epidemics during the winter season. However, equine influenza often occurs independent of the winter season in other countreies. There fore, it may be advisable to carry out a vaccination which can ensure an effective antibody through a year.
